In this article, I perform a cohort-based analysis of the female-to-male wage gap using aggregate data in Japan from 1975 to 2005. While the inter-cohort closing in the gender wage gap is apparent, the convergence is smaller when the gap is calculated for each level of education. This pattern suggests that a certain portion of the gender wage convergence is due to changes in the educational composition of the workforce. I find that educational composition changes played a larger role in closing the pay gap for younger cohorts than it did for older cohorts. Highly educated women who entered the labor market after the enactment of the Equal Employment Opportunity Law gained in that they had more regular full-time employment but did not experience wage gains relative to their male counterparts.
Introduction
The gender wage gap has narrowed steadily in Japan for the past several decades. The gender wage ratio, measured as the ratio of female hourly wage to male hourly wage, was 0.60 in 1980, but it was 0.70 in 2004. 1 In spite of this improvement from the 1980s, the ratio in Japan is lower than in most industrialized countries (Blau et al. 2006, Table 11-4) . In this article, I examine how the Equal Employment Opportunity Law (EEOL) for men and women in Japan, first enacted in 1986 and then enhanced in 1999, has affected the female-to-male wage gap. 2 To explore that question, aggregate data from seven points in time from 1975 to 2005 are used.
The ways in which the EEOL affected employment and wages of female workers, especially at different stages of the lifecycle, has not been fully understood in previous research. In this article, I perform a cohort-based analysis of the female-to-male wage gap. Analysis by cohorts is particularly important because the EEOL is assumed to have expanded employment opportunities for younger cohorts of women who finished schooling and entered the labor market after the EEOL's enactment in 1986 (Edwards 1988 (Edwards , 1994 Cannings and Lazonick 1994; Blau et al. 2006; Abe 2009a) . I call those cohorts who finished schooling after 1986 "post-EEOL cohorts" and those cohorts who finished schooling before the EEOL enactment "pre-EEOL cohorts." How much the post-EEOL cohorts of women gained in terms of wages compared to cohorts preceding them is the primary concern of this article.
3 1 These estimates are based on the author's calculation from the Basic Survey of Wage Structure (BSWS). In 2005, the female-to-male wage ratio fell slightly from its level in 2004. 2 Beginning in 1986, the EEOL prohibited discrimination against women in hiring, training, and promotion, but the law at that time asked employers to voluntarily comply. The revised law in 1999 explicitly prohibited discrimination. The EEOL was further enhanced in 2007, when discrimination against both sexes was prohibited; before 2007, only discrimination against women was prohibited. 3 The importance of considering cohort in understanding gender wage convergence is pointed out in It turns out that the inter-cohort closure in the female-to-male wage gap is rather limited once educational attainment is controlled for. Therefore, the obvious causes for the narrowing overall gender wage gap are changes in the educational composition of the workforce. Significant changes in worker composition took place in the Japanese labor market from 1975 to 2005. Among regular full-time employees, increasing educational attainment and "aging" occurred during this period for both men and women. 4 It is shown that the compositional changes in education explain a greater portion of the improvement in the gender wage gap for younger cohorts, while they played a smaller role for older cohorts. Furthermore, it is shown that groups of women who gained in terms of regular employment did not gain in relative wages: for instance, post-EEOL cohorts of university graduate women became more likely to work in regular full-time jobs, while their wages did not increase relative to their male counterparts.
This paper is organized as follows. In Section 2, data are explained and gender gap measures are introduced. Section 3 reports trends in the female-to-male wage gap and employment gap as raw tabulations. Section 4 presents the results from regression analysis. Section 5 discusses the possible influence of worker composition on the wage gap. Section 6 concludes.
Data and definitions

Wage data
I use aggregate data of the Basic Survey of Wage Structure (BSWS) for years O'Neill and Polachek (1993) . 4 The regular full-time workforce is the set of workers whose employment contract does not set a fixed term length and, in most cases, whose regular work schedules are 40 hours per week. 1975, 1980, 1985, 1990, 1995, 2000, and 2005. 5 The BSWS is a survey of earnings and hours conducted every year by the Ministry of Health and Welfare. It is the most widely used source of data regarding wages for empirical studies of the Japanese labor market.
The published data I use contain cell-mean data of wages, hours, bonuses, and tenure (the length of service at the employer), along with the estimated number of workers for each cell, where the cell is defined by sex, age group (5-year interval), and education (4 levels In the rest of the article, I use the following measure of the gender wage gap, which is 1 minus the gender wage ratio:
5 It is still difficult to use microdata of survey data collected by the Japanese government for research purposes. A recent study by Kambayashi et al. (2008) uses microdata of BSWS and contains a detailed description of the BSWS survey method. 6 The four levels of education are junior high school graduate (9 years of compulsory schooling), senior high school graduate (12 years of schooling), junior college graduate (usually 14 years of schooling, including some vocational and technical schools), and university graduate (16 years or more of schooling, including graduate education). 7 I performed a similar analysis using a wage measure that includes bonuses and overtime hours. The results are shown in Table A1 . In deriving the hourly wage including bonuses, the bonus values are taken from the next survey year because information on the bonus amount is collected for the previous calendar year in the BSWS. Using the data from five points in time, I estimate the gender gap in the regular employment ratio. The regular employment ratio is defined as
where the "Number of Regular Employees" is the sum of regular employees and executives and the "Population" is the population for each cell, defined by birth year, education, and age group. 8 The employment gap in this article is defined similarly as WageGap, as follows:
8 I include executives of private corporations in the set of regular employees. Corporate executives are included because many are promoted to the position from positions as regular employees and because many of those promoted are male university graduates.
This measure is called "gender employment gap" in the rest of the article.
3. Trends in the female-to-male wage gap and the employment gap 3.1. Gender wage gap Figure 1 plots the female-to-male wage gap against age for the sample that pools all educational groups. 9 As the figure shows, the gender wage gap widens as workers age. The figure also shows that there have been significant wage gains for female employees of recent cohorts as compared to their male counterparts. However, the patterns are quite different for the different levels of education. Figure 2 graphs the gender wage gaps separately for level of education. As noted in previous studies (Hori 1997; Kawaguchi 2005) , the female-to-male wage gap is low for the more educated. For example, in 2005, the mean of the wage gap for senior high school graduates was 0.31, while it was 0.16 for university graduates. 10 Significant inter-cohort improvement in the female-to-male wage gap is observed in Figure 1 , where workers of all educational groups are pooled together, but much less convergence is observed when the gap is calculated by level of education. These patterns suggest that the closing of the female-to-male wage gap is driven by changes in educational composition of the female and male full-time workforce.
9 To make the inter-cohort differences clear in the figures, the gaps are plotted for the subset of cohorts in the sample. The regression analyses use all cohorts, including the ones not shown in the figures. 10 Blau et al. (2006, Table 5-8) report that in the United States, the gender earnings ratio is lower (gender earnings gap is higher) for those with 4 or more years of college education than for the less educated. Mulligan and Rubinstein (2008) , on the other hand, report a somewhat different pattern. They present the wage gaps of married women vs. married men with advanced degrees in the United States. They show that the gender wage gap for this group is much narrower than it is for college graduates and high school graduates. Baker et al. (1995) report that in Canada, the female-to-male earnings gap is smaller for the more educated. It has been expected that the EEOL expanded women's employment in workplaces that were traditionally male-dominated. Several previous studies have found that young women of recent cohorts in Japan acquired more 4-year university education than older cohorts did and that they majored in fields that are more oriented toward ambitious career plans (Edwards 1994; Edwards and Pasquale 2003) . If the post-EEOL cohorts of women had more human capital when they entered the labor market, then later cohorts of women are likely to perform better than previous cohorts. In other words, they are more likely to be employed in "better positions," or their wage levels are likely to be higher. The average wage data do not necessarily conform to such a hypothesis, however, because the gender wage gap did not narrow for post-EEOL cohorts.
Gender employment gap
The trends in gender wage gaps shown in the previous section might well be related to the extent to which the gender differences in employment in regular full-time work over the period.
Several previous studies point out a possible link between participation behavior and the gender wage gap. Blau and Kahn (2006) show that changes in participation over time affected the development of the gender wage gap in the United
States. Specifically, they show that a part of the slower gender wage convergence in the 1990s than in the 1980s is attributed to the ways in which female participation changed over the two periods. 11 Olivetti and Petrongolo (2008) use cross-country data and show that the gender wage gap tends to be higher in countries where women's participation is high and argue that much of the cross-country differences are explained by the different degree of selection into the labor market across countries. Mulligan and Rubinstein (2008) argue that the direction of selection into employment changed over time in the United States and that this change explains the gender wage convergence.
All of these papers show that changing participation rates, especially that of women, potentially affect the development of female-to-male wage gaps. In the context of this article, the implications from these studies would be that changes in the gender wage gap are negatively correlated with changes in the gender employment gap, assuming positive selection into employment. In principle, whether selection is positive or negative is an issue to be tested; however, it is plausible to think that selection is positive in the present application because the focus of this article is regular full-time employment, which is considered to have become more and more selective in recent years. Figure 3 shows the gender gap in regular employment for selected cohorts
11 Goldin (1989) shows that, in the United States, the labor market experience of working women did not increase much over the period when women's participation rose. This observation is also consistent with a stable female-to-male wage gap over the period when women's participation rose. Hunt (2002) shows that the gender wage gap in East Germany narrowed by 10 percentage points between 1990 and 1994, although it accompanied a large decline in employment of low-skilled women.
separately by level of education. 12 The vertical axis measures RERGap , which takes larger values when the RER of men and women are far apart. The gender employment gap narrowed for university graduates, while the closing is not so obvious for the less educated: in fact, the gap for junior high school graduates widened. Results from regression analysis that quantifies the inter-cohort changes are presented in the next section.
In summary, Figure 2 indicates that wage gains (compared with male employees of the same cohort with the same level of education) are greater for the less-educated group and pre-EEOL cohorts. Therefore, the groups who gained in terms of an increase in regular employment did not gain in terms of wages, while the groups that did not gain in terms of employment experienced an increase in relative wages.
Thus, the impact of the EEOL was complex and not uniform across different dimensions.
Regression analysis
Gender wage gap regressions
The regression equation for analyzing the cohort-based gender wage gap is specified as follows:
, a c c a
where the dependent variable is the female-to-male wage gap, c δ is a set of cohort effects, and are age effects. The regressions are estimated by weighted least squares using the hours supplied by workers in each cell (men and women) as weights.
The results are shown in Table 1 . Column (1) of Table 1 reports results for four education groups pooled together, without including the education dummies. The cohort effects indicate that the female-to-male wage gap has narrowed (the dependent variable takes a smaller value) for more recent cohorts; the coefficients of cohort dummies are always lower for more recent cohorts. However, when education dummies are included (column (2)), the inter-cohort improvement is not as significant as in column (1). The magnitude of the improvement is not as large as in column (1), and the coefficients of several cohorts are not lower than the cohort born 5 years earlier.
Columns (3) to (6) of Table 1 inter-cohort improvement is smaller for junior college and university graduates than for junior high school and senior high school graduates. Kawaguchi (2005) finds that the extension of tenure is the main cause for the narrowing gender wage gap between 1990 and 2000. To investigate the extent of such effects in a cohort context, I run regressions that add the female-to-male average tenure ratio (the average female tenure divided by the average male tenure). The results are shown in Table 2 , for regressions estimated separately by education. The coefficients of the relative tenure variable are not statistically significant for all of the four education groups. After including the relative tenure variable, the inter-cohort improvement in the gender wage gap is still more obvious for less-educated, pre-EEOL cohorts than for others.
Gender employment gap regressions
Next, I turn to the regression analysis of the employment gap using the ESS data.
Since the timing of the ESS data does not coincide with that of the BSWS data and the time period covered in the two data are different, I set the base group of cohort dummies in the two regressions as close as possible: for the employment gap, the [1958] [1959] [1960] [1961] [1962] cohort is the base group, while it is the 1956-1960 cohort for the wage gap. The dependent variable for the regression is the RERGap . The explanatory variables are cohort dummies, age dummies, and education dummies. Results are reported in Table 3 .
As suggested in Figure 3 , the inter-cohort improvement in the gender employment gap differs across education groups. University graduates of post-EEOL cohorts (born after 1963) are the only ones that experienced a robust decline in the gender employment gap. For post-EEOL cohorts of other education groups, the coefficients of cohort dummies are mostly small in magnitude and are statistically insignificant. For junior high school graduates of post-EEOL cohorts, the coefficients are positive, which means that the employment gap rose for this education group. These patterns are consistent with the findings that the EEOL advanced the regular employment of post-EEOL cohorts of university graduate women at young ages but did not increase regular employment for less-educated women or for university graduate women of pre-EEOL cohorts (Abe 2009a ).
14 Taken together, relative wage gains are most obvious for the pre-EEOL cohorts of the less-educated group and smallest for the post-EEOL cohorts of university graduates.
On the other hand, the gender gap in full-time employment narrowed for recent cohorts of university graduates, while it did not narrow for less-educated groups. Therefore, across-education differences in changes in the wage gap and in the full-time participation gap are consistent with the hypothesis presented in Section 3.2: the change in the gender wage gap is negatively related to changes in the gender employment gap.
Yet, the time series change in the gender wage gap for the fixed education group is not entirely consistent with the hypothesis. Tables 1 and 3 suggest that the employment gap narrowed for recent cohorts of university graduate women, yet the gender wage gap stayed essentially constant, instead of rising. An alternative explanation might be that the post-EEOL cohorts in the data are aged 44 or younger, and for this age group, the gender wage gap was not large even before enactment of the EEOL; thus, women did not experience relative wage gain.
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14 Abe (2009a) also shows that the proportion of university graduate women who work as regular employees at older ages remained almost the same for the pre-EEOL cohorts and the post-EEOL cohorts. For instance, for university graduates aged 40-44, the RER was 38.4 percent for the earliest post-EEOL cohort (born 1963-1967) , while the same ratios were 36-38 percent for the three pre-EEOL cohorts (born 1948-1962) . In that sense, the EEOL has advanced women's regular employment for young ages but not for older ages. What caused the change in educational composition of the regular full-time workforce, the set of workers analyzed here? There are two main reasons. One is obviously the fact that the educational attainment of the population has improved. 17 The other is that the regular full-time workforce has become more selective in the sense that it has become more difficult for the less educated to engage in regular full-time work.
The fact that young men and women lost regular employment during the recession in the 1990s has been pointed out (Genda 2003) . The loss of regular employment is not limited to the young, however: it occurred for middle-aged men with less education as well (Genda 2006; Abe 2009b) . 18 16 It is important to note that this dramatic change is most apparent for full-time employees. For female part-time employees, although educational advancement took place, the extent is modest compared to full-time employees. 17 The educational composition of cohorts of men and women are shown in Table A2 . 18 Note that Figures 4 and 5 show shares in hours supplied, instead of number of workers. This is motivated by the fact that the hourly wages used in this paper are weighted averages of hourly wage rates of individual workers, in which hours supplied by individual workers are used as the weight. This is the only measure of hourly wages available using aggregate data. Shares in hours supplied are determined by hours supplied by individual workers as well as number of workers. In fact, working hours changed significantly from 1975 to 2005, and the pattern of changes differs across education groups. However, its effect on the gender wage gap is not large because the pattern of changes is similar between male and female workers within each education group.
Quantifying the role of educational composition
The main focus of the present analysis is the impact of the educational composition on the gender wage convergence across cohorts. In order to understand the separate contribution of the educational advancement and the narrowing gender wage gap within education group, I make the decomposition explained below. Let be the proportion of education group e for birth cohort c at age a for sex s, let be the wage rate for education e for cohort c at age a for sex s, and let sex subscripts be M for male and F for female. Then, the gender wage gap defined in Eq. 
Let be the mean wage for all workers (male and female) with education e , cohort , and age . Then Eq.
, , e c a w c a (5) is decomposed as: In summary, the gender wage gap closed continuously across cohorts. For cohorts born before 1960, the main cause was the closing wage gap within education groups. For cohorts born after 1961, the closure in the within-education gap slowed, and the educational composition made more contributions to narrow the gap. The inter-cohort convergence in the gender wage gap shown in Figure 1 is caused by two separate mechanisms. For older cohorts, relative wage gains to female workers played the main role. For post-EEOL cohorts, the relative gains in pay are small. However, the educational composition of female workers improved, so the overall pay gap still narrowed.
Discussions and Conclusions
The analysis in this article shows that the female-to-male wage gap in Japan narrowed for more recent cohorts. For young cohorts, educational advancement of the female full-time workforce contributed more to narrowing the overall gender wage gap than did the improvement in relative pay. It is interesting to note that the closing in the gender wage gap occurred for the group of women for whom regular employment did not increase. University graduate women experienced increases in full-time employment, but their wages did not rise much relative to male university graduates. Young women with a junior or senior high school education became less likely to work in regular full-time employment. However, wages of female junior and senior high school graduates, especially in older groups, seem to have improved relative to their male counterparts.
An important caveat of the present analysis is that the data do not include part-time workers. This omission is inevitable because the BSWS data do not collect educational attainment of part-time workers. It is nonetheless important to note that since more women work as part-time employees than men and part-time wages are lower than full-time wages, the gender gap in this paper understates the real gender wage gap.
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How do these results in this paper differ from other studies that have examined the gender wage gap in Japan? Hori (1998) uses microdata of the BSWS in 1986 and 1994 to perform the Juhn-Murphy-Pierce (JMP) type decomposition (Juhn et al. 1991) similar to the analysis done by Blau and Kahn (1997) for the United States. Kawaguchi (2005) uses microdata of the BSWS in 1990 and 2000 to perform the JMP decomposition. These two studies, while using a similar technique, reach rather different conclusions. Specifically, Hori concludes that the unobserved effect is the most significant cause for the decline in the gender wage gap and does not find that the increase in tenure contributed to the narrowing of the gender wage gap. Kawaguchi, on the other hand, finds that extension of tenure is the most significant cause for convergence. The timing of the data used in the two studies is 6 years apart, which may explain the different results. For one, if the impact of the EEOL materializes as time 20 According to the 2007 ESS, the proportion of non-regular workers (employees who are not regular workers, including part-time workers) among wage-salary earners aged 25-54 was 13 percent for men but 51 percent for women. The existing statistics of the part-time/full-time wage gap for female workers range from 30 to 40 percent. passes, the pattern of the gender wage gap may differ depending on the phases of that development. Alternatively, it is possible that the compositional changes in the workforce that took place between these years contributed to the differing results. Kawaguchi and Naito (2006) use microdata of ESS and employ a bound technique to find the upper and lower bounds for the gender wage convergence. They account for composition in modeling participation decisions. However, none of these analyses is based on cohorts, so existence (or non-existence) of cohort effects has not been identified.
Young, educated women increased participation in full-time employment after the enactment of the EEOL. However, the EEOL may have benefited another group of women, namely older women with less education, in terms of wages. The long-term consequences of the EEOL is a topic for further study. Table A1 reports regression results from using an alternative gender wage gap measure. In deriving the alternative measure, the hourly wages are calculated including bonuses and overtime pay in earnings, and including overtime hours in total hours supplied. Table A2 shows the educational composition of cohorts. Robust standard errors in parentheses. * significant at the 5% level; ** significant at the 1% level.
Appendix
The wage measure of the dependent variable does not include bonuses.
Regressions are estimated by weighted least squares, using the hours worked by workers in each cell as weights. The base group for cohort dummies is the cohort born in 1956-60. The base group for age dummies is those aged 40-44. The base group for education is senior high school graduates.
Source: Author's calculation from the BSWS.
e Table 2 Effects of cohort, age, and education on gender wage gap (includes tenure ratio as a regressor) Notes: Robust standard errors in parentheses. * significant at the 5% level; ** significant at the 1% level.
The wage measure of the dependent variable includes bonuses. Regressions are estimated by weighted least squares, using the hours worked by workers in each cell as weights. The base group for cohort dummies is the cohort born in 1956-60. The base group for age dummies is those aged 40-44. The base group for education is senior high school graduates.
Source: Author's calculation from the BSWS. Junior High Senior High
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